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INSECTICIDE  SUSCEPTIBILITIES  OF  PHLEBOTOMUS  PAPATAS1 
(SCOPOLI)  FROM  EGYPT  AND  THE  SUDAN' 

By  M.  L.  Schmidt  and  J,  R.  Schmidt2 


Abstract:  Susceptibility  levels  for  Egypiinn  nnd  Sudanese 
strains  of  Phlebotomus  papniasi  were  determined  through  the  use 
of  the  W.H.O.  Standard  Test  Kit  for  Adult  Sandflies.  Mean 
LC,fl  values  for  DDT  ranged  from  0.00-1.93%  and  for  dicldrin 
from  0.03-1.07%.  I.aborntory-colony  sandflies  were  found  to 
be  slightly  more  tolerant  to  both  insecticides  than  were  wild* 
caught  specimens,  possibly  a  manifestation  of  vigor  tolerance. 

Recognizing  the  importance  of  maintaining  a 
continuous  surveillance  of  the  insecticide  suscepti* 
bility  status  of  medically  important  insects,  the 
World  Health  Organization  has  developed  standard 
tests  for  assessing  tolerance  levels  and  has  encourag¬ 
ed  their  use  in  areas  where  disease  vectors  are 
prevalent  (W.H.O,  I960).  By  periodically  compar¬ 
ing  the  susceptibility  levels  of  natural  field  popula¬ 
tions  with  previously  established  baseline  values,  it 
is  possible  to  detect  increased  tolerances  and  to 
recommend  appropriate  modifications  in  control 
measures. 

The  status  of  the  susceptibf of  Phlebotomus 
sandflies  to  various  insecticides  has  been  reviewed 
by  Brown  (1958)  and  Pal  &  Kalra  (1965).  Mem- 
beis  of  the  genus  are  characterized  by  marked  sus¬ 
ceptibility  to  DDT,  dieldrin  and  BHC  under  la¬ 
boratory  and  field  conditions  and  no  evidence  of 
resistance  has  been  uncovered.  Unfortunately,  in¬ 
formation  based  on  the  use  of  standard  quantitative 
methods  is  limited  for  this  genus,  and  the  need  for 
more  extensive  testing  has  been  stressed  (W.H.O. 
I960),  The  present  report  sets  forth  baseline  data 
for  Egyptian  and  Sudanese  populations  of  Phlc- 
botrnus  pajmtasi  and  compares  the  tolerance  levels 
of  wild  and  colonized  material. 

MATERIALS  AND  METHODS 

Susceptibility  tests  were  performed  with:  wild- 
caugln  specimens  collected  during  1960  and  1961 
from  human  dwellings  in  3  Nile  Delta  villages, 

‘From  Work  Unit  MROOj. 09-1202. 5,  lturcau  of  Medicine 
and  Surgery,  Navy  Department,  Washington,  P.  C.  The 
opinions  and  assertions  contained  herein  arc  the  private  ones 
of  the  authors  and  arc  not  to  be  construed  as  oflicial  or  as 
reflecting  the  views  of  the  Navy  Department  or  the  naval 
service  at  large. 

!U.  S.  Naval  Medical  Research  Unit  No.  3,  Cairo,  Egypt, 
U.  A.  R.  Present  address:  NAMRU-3  Field  Facility,  APO 
New  York  09319,  USA. 


Qarnnfil  nnd  Barrada  in  Qalubiya  Province*,  and 
El  Amiriytt,  a  suburb  in  northern  metropolitan 
Cairo;  Hies  from  a  laboratory  colony  established  in 
1959  with  specimens  collected  in  El  Amiriya;  flies 
from  a  laboratory  colony,  established  in  1961  with 
specimens  collocled  in  Tir  village,  8  km  north 
or  Paloich,  Upper  Nile  Province,  Republic  of  the 
Sudan. 

Wild-caught  specimens  wore  collected  between 
May  and  October,  the  period  of  greatest  sandfly 
prevalence  in  lower  Egypt.  They  were  aspirated 
from  walls  and  ceilings,  transferred  to  a  small 
holding  cage  and  transported  to  the  laboratory 
where  they  were  held  at  21  “C  and  90%  rh  until 
tested  on  the  following  day.  Only  females  which 
had  fed  within  the  previous  60  hr,  judged  by  the 
extent  of  blood-meal  digestion,  were  used  in  the 
tests. 

Laboratory-reared  flies  from  various  generations 
were  fed  on  a  guinea  pig  and  held  at  21  °C  and 
90%  RH  for  1  to  2  days  until  tested.  All  colony 
flies  were  1  to  4  days  old  when  exposed  to  insec¬ 
ticide. 

The  standard  W.H.O.  Test  Kit  for  Adult 
Sandflies  was  used  throughout  the  study.  The 
methods  are  described  in  detail  in  a  W.H.O. 
Technical  Report  (1960).  In  general,  flies  were 
exposed  to  papers  impregnated  with  2-fold  dilu¬ 
tions  of  DDT  (ranging  from  0.25  to  4.0%)  or 
dieldrin  (ranging  from  0.2  to  1.6%)  for  1  hr,  using 
15  to  20  flies  per  dilution.  Two-hour  exposure 
periods  were  also  used  in  testing  colony  flies  for 
dieldrin  susceptibility  because  1-hr  exposures  fre¬ 
quently  resulted  in  incomplete  mortality  at  the 
highest  test  concentration.  During  the  exposure 
period,  room  temperature  ranged  from  24°  to  28  °C, 
relative  humidity  from  30  to  75%  and  light  intensity 
from  6  to  7  foot-candies.  Following  exposure, 
flies  were  transferred  to  insecticide-frec  containers 
and  held  in  total  darkness  for  24  hr  at  20°  to  22  °C 
and  90%  rh.  For  each  valid  test,  i,e.,  in  which 
the  control  mortality  was  less  than  20%,  the  cor¬ 
rected  percent  mortalities  (Abbott’s  formula)  were 
calculated  for  each  insecticide  dilution  and  plotted 
on  logarithmic  probability  paper.  LCJ0s  and  dos¬ 
age-mortality  regression  line  slopes  were  detennin- 
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eel  according  lo  l lie  method  described  by  Litchfield 
&  Wilcoxon  (1919). 

RHSVI.TS  AND  CONTU  SIONS 

The  results  of  susceptibility  tests  with  DDT  me 
given  in  TAiu.it  1.  Mean  LC,0s  Toe  wild-caught 
Egyptian  sandflies  ranged  from  0.80  to  1.03%,  lor 
colonized  Egyptian  material  from  0.97  to  1.30%, 
and  for  colonized  Sudanese  specimens  from  1,40 
to  1.93%.  The  dosage-mortality  regression  lines 
reveal  the  natural  and  colony  populations  to  bo 
quite  homogeneous  in  their  response  to  DDT.  Xo 
evidence  of  pronounced  heterogeneity  inclicr  '  -g 
a  potential  shift  in  tolerance  levels  was  obtni.  .. 

The  responses  of  sandllios  following  1-  and  2- 
hr  exposures  to  various  concentrations  of  dieldrin 
are  summarized  in  taulk  2.  Mean  following 

1-lir  exposure  ranged  from  0.G3  to  0.00%  for  wild- 
caught  Egyptian  sanclllies,  1.03  to  1.07%  for  colo¬ 
nized  Egyptinn  material,  and  0.90  to  0,93%  for 
colonized  Sudanese  (lies.  Slopes  of  the  regression 
linos  for  dieldrin  were  generally  steep  indicating 
a  consistent  homogeneity  in  both  the  wild  and  colo¬ 
nized  populations.  In  comparing  the  results  of 
tests  using  1-  and  2-hr  exposure  times,  an  ap¬ 
proximate  1 :1  inverse  relationship  was  round  between 
exposure  time  and  LC5().  Regression  lino  slopes 
were  not  influenced  by  variations  in  exposure  times. 

Colonization  appears  to  have  conferred  a  degree" 
of  "vigor  tolerance”  (Hoskins  &  Gordon  1 9.35 ,  to 
the  sandllios,  since  the  highest  LC',0s  for  both  DDT 
and  dieldrin  were  obtained  with  laboratory -reared 
material.  Sanclllies  from  early  laboratory  gener¬ 
ations  were  consistently  more  tolerant  to  both 
insecticides  than  were  wild-caught  flies.  On  con¬ 
tinued  colonization,  the  (lies  tended  to  revert  to 
their  natural  stale  of  susceptibility  to  DDT  but 
retained  their  enhanced  tolerance  to  dieldrin.  The 
mechanisms  responsible  for  their  greater  tolerance 
are  unknown,  but  it  is  possible  that  the  improved 
nutritional  state  anti  larger  size  of  die  colony  flics 
(Lewis  &  Minter  1 960,  Schmidt  19G4)  are  con¬ 
tributing  factors. 

The  Egyptian  strains  of  P,  papatasi  used  in  tho 
present  study  resemble  those  from  other  countries  in 
regard  to  their  susceptibilities  to  DDT  and  dieldrin 
(tabus  3),  Total  experience  with  natural  popu¬ 
lations  of  this  species  reveals  an  LC,„  range  of 
0.20  to  1.2%  for  DDT  and  0,15  to  0.00%  for  dieldrin 
when  tests  wore  conducted  according  to  W.H.O. 
standards.  The  levels  observed  for  DDT  to  date 
arc  similar  to  those  obtained  with  naturally  suscep¬ 
tible  populations  of  mosquitoes  prior  to  tho  develop¬ 
ment  of  resistance,  he.,  0.5  to  2.0%.  Values  for 
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Egypt;  2nd- 3rd  lab.  generations  9  —  —  1  0-5  16  0-35  72  45-91  97  90—100  1.50  1.12-1.32  1.6  2.4— 1.9 

EjjyP1?  13- 2 4th  Jab.  generations  4  —  —  8  0-20  ->i  35-69  90  84—109  100  100  1.01  0.83-1.15  1.6  1 .4- 1 .8 

Eg\ptj  19th  lab.  generation  2  —  —  0  0  55  47-63  97  95—100  100  100  0.9/  0.92—1.03  1.4  1.3-1. 5 

Sudan;  6th  lab.  generation  3  —  —  4  0-13  13  7—20  49  40-6./  91  30-100  3.93  1 .50-2.20  1.9  I -5—2.3 

Sudan;  10th  lab.  generation  I  -  -  7  -  27  -  67  -  100  -  1.40  -  »•  3  - 
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Schmidt  &  Schmidt:  Insecticides  nud  P.  papatasi 

Results  of  dlddrit  susceptibility  tests  with  wild  nud  colonized  , 
CORRECTED  %  MORTALITIES  Atl'HI  1  -lilt  EXI'OSimi:  TO: 


0.2%  0.-1% 
Dmldrin  Dirlurin 


o.«% 

Dieldrin 


1 .0% 
Dieldrin 


Phlfiiitomus  papal, in', 


LC„  (%) 


Regression 
Line  Sloi'b 


Sandhi.y  SollRCK 

Tests  Man  Untile  Moan  Range 

Mena 

Range 

Mean 

Range 

Moan 

Range 

Menu  Range 

lil  Amiriya,  Egypt 
(wild-caught) 

0 

5 

0-13 

19 

5-30 

00 

53-00 

99 

91- 100 

0.03 

0.1 9-0.00 

1.7 

1. 4-2.1 

13anndn,  Egypt 
{wild-caught) 

3 

0 

0 

0 

0-12 

49 

33-64 

95 

06-100 

0.00 

0.73-0.05 

1.5 

1.3— 1.7 

Qnmnfil,  Egypt 
(wihUcnught) 

Egypt;  2nd-3itl  lab. 
genera  linns 

4 

1 

0-5 

14 

0-35 

55 

45-04 

100 

100 

0.72 

0.00-0.70 

1.7 

1.3-2. 2 

8 

1 

0-5 

2 

0-5 

23 

15-15 

85 

70-100 

1.07 

0.04-1.27 

1.0 

1.5-1. 7 

Egypt;  19th  lab. 
generation 

1 

0 

0 

. 

27 

_ 

07 

1.03 

1.5 

Sudan;  Gilt  lab. 
genera  lion 

3 

0 

0 

9 

7-13 

47 

27-87 

00 

67-100 

0.95 

0.01-1.14 

1.0 

1, 4-2.2 

Sudan:  1 0th  lab. 
generation 

1 

0 

- 

7 

- 

33 

- 

100 

- 

0.90 

- 

1.6 

- 

Egypt ;  2ml-3rd  lab. 
generations 

0 

4 

0-10 

CORRECTED  %  MORTALITIES  APVhll 

33  j-co  R7  55-100 

2-tlR  EXPOSURE 

loo  ioo 

0.40 

0.35-0.75 

1.6 

1.4-1. 7 

Egypt;  13-Hili 

Inh.  generations 

3 

9 

0-27 

40 

13-91 

99 

94-100 

100 

100 

0.42 

0.20-0.59 

1.4 

1,3-1. 5 

Egypt;  I9ih  lab. 
generation 

2 

3 

0-10 

29 

16-12 

100 

100 

too 

100 

0.47 

0.40-0.55 

1.3 

1,4-1 ,6 

TaDI.H  3.  Summary  of  available  information  on  tho  sus¬ 
ceptibility  or  P,  papalasl  to  DOT  and  dleltlrin,  using  the 
W.H.O.  Standard  Tost  Kit. 


Mean  LC„ 


Sandfly  Sol'KCR 

DDT 

% 

Dieldrin 

Reference 

Omnia,  Crete 

0.75 

N.T. 

Hndjimcukiv’U,  1956 

lil  Amiriyn.  Knvpl 

1.03 

0.03 

Present  sluclv 

D.irrndn,  ligypt 

0.80 

0.80 

Present  study 

QiimnOI,  P.gypl 

0.96 

0.72 

Present  study 

Athens,  Greece 

0.28 

0.2 

Hadjinicolaou,  1958 

Emlmea  Is.,  Grrocc 

N.T. 

0.2 

Hndjinicolaou,  1959 

Knrditiima  Guln, 
Greece 

1.2 

0.5 

Helios;  cited  in  l*al  & 
Knira,  1965 

Vruntamas,  Greece 

0.4 

0.27 

Helios;  cited  in  Pal  & 
Kalrn.  19G5 

Karrh,  India 

0.50 

0. 1  j 

Fai  &  Knira,  itui:i 

\V;ul  Medan i,  Sudan 

0.9 

0.32 

Qutubuddin,  19G4 

Munrrct  Slinmrine, 
Syria 

0.8 

0.52.  0.8 

Hndjiuicnlaou;  cited 
in  Pal  &  Knira, 

196:4 

tlioldtin  arc  higher  for  P.  papalasi,  i.c.,  0.15  to 
C,80%,  than  for  mosquitoes,  i.c.,  0,05  to  0.15% 
(Rusvino  1956,  W.H.O.  1957,  Davidson  1958). 
This  suggests  that  sandflies  have  a  higher  natural 
level  of  tolerance  to  this  insecticide. 

Lack  of  definitive  information  on  the  extent  of 
insecticide  use  in  many  of  the  countries  in  which 
susceptibility  tests  have  been  conducted  precludes 
an  assessment  of  the  influence  of  spraying  on  tho 
reported  LCW  values.  The  values  for  Greece, 
Crete  (Hadjiuicolaou  1958)  and  Egypt  are  based 
cn  tests  using  sandflies  from  areas  where  aerosol 
space  sprays  had  been  used  extensively  but  whore 


residual  spray  had  not  been  applied.  Thus,  It  is 
likely  that  the  LC,,,  vnlues  obtained  with  sandflies 
from  these  areas  represent  "normal”  susceptibility 
levels  and  that  flies  from  other  areas  exhibiting 
similar  tolerances  lmve  been  unaffected  by  expo¬ 
sure  to  insecticides.  The  reported  values,  whether 
indicative  of  normalcy  or  not,  reflect  the  suscepti¬ 
bility  status  of  sandfly  populations  at  a  given  point 
in  time  and  as  such  constitute  valuable  bnsclino 
data  For  future  comparisons. 

REFERENCES 

Drown,  A*  W.  A.  1950.  Insecticide  resistance  ia  arthropods, 
i  i\/7. O.  Motiogr,  .sVr.  A 'o,  38t 

Hus  vine,  J,  R,  1950,  A  survey  or  measurements  of  the  sus¬ 
ceptibility  of  different  mosquitoes  to  uiseu"'idos,  Hull, 
WJI.O.  15:  707-9 1. 

Davidson,  G,  1950.  Studies  on  insecticide  resistance  in 
nnophelinc  mosquitoes.  Bull,  1  V,H,Q.  18:  579-621, 
Hadjinicolaou,  J*  1950.  Present  status  of  Phlcbotomm  in 
certain  areas  of  Greece.  Bull,  1 V.l I, 0,  19:  967-79, 
Hoskins,  \V.  N.  8c  11*  T»  Gordon.  1950.  Arthropod  re¬ 
sistance  to  chemicals.  Ann,  Rev,  Enl.  li  09-122. 
Lewis,  D.  J,  8c  D.  M.  Mintcr.  1960.  Internal  structural 
changes  in  some  African  Phlebotoininne.  Atm,  Tiop, 
Med.  Paras  Hol,  54:  351-65. 

Litchfield,  J.  T.  8c  F.  Wilcoxon*  19*19.  A  simplified  method 
of  evaluating  dase-eflect  experiments.  J.  PluimmoU 
Exp,  ''herap,  96:  99-113. 

Pal,  R,  &  R.  L.  Knira.  >65.  Insecticide  susceptibility  of  soma 
insects  of  public  health  iinportanco.  Unpublished  work¬ 
ing  document  W.H.O./Vcctor  Control/ 123, 
Qutubuddin,  M.  1964,  A  preliminary  note  on  the  suscepti¬ 
bility  of  PJdebotomus  to  insecticides.  Sudan  Med.  J,  3: 
11-15. 

Schmidt,  M.  L.  1964.  Laboratory  culture  of  (wo  P/debotonms 


00 


J.  Mud.  Km. 


Vol.  Gi  no.  1 


spoclos,  P.  finfialtist  aim!  /*.  ctimlalis*  Hull*  WJI,0»  31 1 
37  V  -70. 

World  Health  Organ  Ixnt  ion,  Malaria  Section.  1  f) T> 7 .  As¬ 
sessment  of  A tiacop til>l lity  to  inscetiekk-s  in  anopliclitic 


mosquitoes.  Bull,  W.ll.O,  16 1  07*1*00. 

World  Health  OrgAbiz&tloJhi  1060.  Insecticide  resistance 
And  vector  control,  Tenth  report  of  the  lixport  Commit¬ 
tee  on  Insecticides.  WJI.O.  Techn,  R<p.  Str.  /Vo.  191  • 


v. 


UNCLASSIFIED 


SKCUMTV  CLASSIFICATION 


■  ■.  ■  wj  jlp  . ■->- ■  ■  ■■»■■'.«  I  -a. ■——■HP I  Mtii— MpjMp  mmammtmmmmm 

1  DOCUMENT  CONTROL  DATA  R  te  D 

•  *  f  Sttutlty  rlantflriuion  nf  tdls,  feoil/  u/  nbiirdfi  ohd  itiiiietuKon  mull  6»*  rnlsrrd  a-Aen  iAe  ourMif  (i  ciant/taf  ) 


1  OIUHINATINO  ACTIVITY  (  Cufjisriiln  Author  ) 

U.S.  Naval  Modioal  Uosoarch  Unit  No ,3 

FPO  Now  York  09527 

i 

■  1  i  ll  mbmbm 

n.  oroui'  | 

I  Jn#*pm*ie  Susceptibilities  of  Phlebotoeua  napatael  (Seonoinfroei  Ecvbt  and 
;  the  Sudan, 

!  *  ,v. 

i  i>. 

j 

S.  AUTIIOH  (S)  (  Firil  dams,  *rt«/dfe  Inilia/,  fail  home  J 

M,t,  Schmidt  and  J.B,  Schmidt 

.TotWHVy  4,980 

In.  TOTAL  igl.  Of  I'AUKS  T6.|gp. 

in.  CONTRACT  OR  ORANT.  No. 

MRO0$  *09*1202 

l*.  I'UOJECT  No. 

Ci 

■'ll. 

9n.  OHldNATOH'K  KKI"OHV  rdlM«KB(B| 

NAMRU-3-TO-1-70  0»?) 

91.  OTHER  REPORT  .NO(8)  (  A*)-  olkrr  numk'n  Ril  64 

HBdtthiW-iaof 

io.  uiavniuurioM  statkmknt 

Distribution  o f  thin  roport  1 0  imlimlt*<3 

-■ 

<^MjUMMviC^Fi»TMod .  Ent, 

Vol ,6 ,  No,l,  87-90,  I960 

•niswMtHn#  M*ttmnv>wia  surgery 

Department  of  the  Navy 

Washington,  D,0,  20390 

ILJJ.  ABSTRACT 

'  juflcoptibility  levels  for  Egyptian  and  Sudanese  strains  of  Phlebotonus  papataai 
Jforo  determined  through  the  us©  of  the  W,H.O,  Standard  Test  Kit  forAduit rSand'flie», 
pean  U330  values  for  DDT  ranged  from  0.80-1.93%  and  for  d lei dr in  from  0.63-1,0%. 
j  Laboratory -colony  sandflies  wore  found  to  bo  slightly  more  tolerant  to  both  insect¬ 
icides  than  wore  wild-oaught  specimens,  possibly  a  manifestation  of  vigor  tolerance. 


i 

_ . _ _ _ __ 

D  D  ,  Novas  1473  ( PAGE  '  5  UNCUSS  IFIBP 

S/N  01 01  •  $07  6001 


SKCUHITY  CLARIFICATION 


K  K  V  VOH  l>  ** 


LINK  A 


MNK  |» 


UIIK  U 


